This paper considers tandem queuing system in which the order of performing service at two serial service stations can be changed. Interarrival distribution and service distribution of each station are assumed to be exponential.
Introduction
In some assembly lines, there are many cases in which empty stations can be used regardless of ordered sequence of stations in order to increase efficiency of system.
Thus in this paper, we shall consider commutative tandem queue in which the waiting room allowed ahead of the first station is finite.
We assume that customers arrive according to a Poisson stream with parameter A and each service time of two stations is exponentially distributed with parameter jJ.
In the case of which each service rate of two stations is different, the detailed balance equations for steady states are easily derived, but its analysis is complicated.
of the same service rate.
connnutative tandem queue with those of ordinary one. We can also derive the values of the infinite case by tending the capacity of waiting room to infinity. These results are already obtained in our paper [7] . And in final part, some numerical results are attached.
We concern with the case of finite possible queue ahead of the first It is also assumed that customers can transfer between stations ins tantaneously. The queuing discipline is first-come-first-served.
Mean Queue Length for Finite Waiting Room
The particular state of the system is labeled by the states of the queue length ahead of the first station and the states of the two stations. The state of the queue length is represented by the number of customers in queue.
Each station can be empty (0), serving a eustomer who has not received (unfinished) service at the other station (u), serving a customer who finished service already at the other station (f), or blocked (b) when it has completed own service but the other is still occupied. It is convenient to express the probability for this system by the form P(.,.,.), where the first dot is the state of queue, the second is that of the first station and the third is that of the second station. For simplicity, the probability of no customers in the system is denoted by p(O).
states are as follows.
The detailed balance equations for steady
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(1)
We get (2+p) P (n,l) pP(n-1,l) + P(n+1,2) (2+p)P(n,2) pP(n-1,2) + 2P(n+1,3) + P(n+1,5)
(1+p)P(n,4) pP(n-1,4) + 2P(n,l) (1+p)P(n,5) pP(n-1,5) + P(n,2)
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Now, we define the following five generating functions
From the equation (3), we have
From (S), we can solve G.(z) as a function of P(O), P(O,2), P(N,i) (i=l,··,S).
1.
To determine these probabilities, we may use the following:
i) The normalization equation is S S (6) 
Solving (S) with z=l and substituting these results into (6), we get
ii) The generating functions Gi(z) (i=1,2,···,S) are regular on z-plane.
Let F(z) be the denominator of G. (z) (i=1,,2), then (1+p-pz)F(z) is the denomi- Let z3' z4 be the roots of the equation z2+pz+q = 0 .
Then,
And z5 = l+p is also zero of the denominator of G.(z) (i=3,4,5). If we denote From (7), (10) and eliminating P(0,2), we obtain (ll) where A. 2 N +2(pz.-2)(2z.+pz.-pz.»(1-2.)z.)
We can solve for P(O), P(N,i) (i=1.2,···.5), from the system of linear equations (11). And 1f H 5 (zi) = 0 (i=0,1.···.5), it is easily seen from (5) that H.(z.) = 0 (1=0,1"",4, j=l,2), and H.(z.) = 0 (i=0,1,"',5, j=3,4).
Commutative Tandem Queue
Using these conditions, we can determine p(O), P(O,2) and P(N,i) (i=l, ... ,S), and we can obtain (12) where So we shall omit here these one.
The mean length in the queue Le is , ,
and the mean availability per station Ac is (14)
The blocking probability P BC is derived by the sum of G 4 (1) and GS(l), and we have
In the ordinary tandem queuing systenl, modifying the results by P.M.
Morse [6] for the case of infinite queue, the mean length in queue La is We can get this result directly from the equations of infinite queue case [7) . T. Nishida and T. Hiramatsu From these tables, it is seen that the mean length of commutative system is smaller than the ordinary one for each p and the availability per station of commutative system is greater than or equal the ordinary's. Therefore, the efficiency of commutative system is better than the ordinary's.
